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ABSTRACT
Context. High resolution version of the manuscript available of http://arrakeen.free.fr/pub/madorion.pdf. Multi-Conjugate
Adaptive Optics (MCAO) combines the advantages of standard adaptive optics, which provides high contrast and high spatial resolu-
tion, and of wide field (≈1′) imaging. Up to recently, MCAO for astronomy was limited to laboratory experiments. In this paper, we
present the first scientific results obtained with the first MCAO instrument put on the sky.
Aims. We present a new study of the Trapezium cluster using deep MCAO images with a field of view of 1′×1′obtained at the VLT.
Methods. We have used deep J, H and Ks images recently obtained with the prototype MCAO facility MAD at the VLT in order to
search for new members and new multiple systems in the Trapezium cluster. On bright targets (Ks≈9 mag), these images allow us to
reach ∆Ks≈6 mag as close as 0.′′4.
Results. We report the detection of 128 sources, including 10 new faint objects in the magnitude range between 16.1<Ks<17.9 mag.
In addition to all previously known multiple systems with separations greater than 0.′′1, we confirm the multiplicity of TCC-055. We
also report the detection in J, H and Ks of a very red extended embedded protostellar object, HC 419, previously detected in the
thermal infrared only.
Conclusions. The analysis of the first MCAO images obtained on the sky demonstrates not only the technical feasibility of MCAO
but also its great potential and versatility in terms of scientific outputs.
Key words. Instrumentation: Adaptive optics, Techniques: High Angular Resolution, Stars: visual binaries, Stars: Evolution, Stars:
formation, Stars: general
1. Introduction
Since the demonstration of the capabilities of Adaptive Optics for Astronomy in the early 90’s (see e.g Roddier et al., 1991;
Saint-Pe et al., 1993, and references therein), a large number of observatories have made the choice of equipping their telescopes
with such facilities. Back then, only ≈2% of the sky was accessible to adaptive optics instruments, because of the need for a suf-
ficiently bright star nearby the target of interest. The development of artificial Laser Guide Star (LGS, Friedman et al., 1995) and
of near-IR wavefront sensors such as NACO at the VLT (Brandner et al., 2002) allowed to close the loop on fainter objects. While
these technology increased the sky coverage, the corrected field of view (FoV) of the adaptive optics was still limited because of the
typical scale of the atmospheric perturbations (10–20′′ at near-infrared wavelengths). This limitation was foreseen even before the
first adaptive optics instrument for astronomy had been built. In his review, Beckers (1988) first proposed the development of Multi-
Conjugate Adaptive Optics (MCAO), aiming at enlarging the size of the FoV corrected for atmospheric turbulence. The principle
of MCAO is based on probing the volume of atmospheric turbulence above the telescope by performing wavefront sensing on not
only one but several guide stars in the FoV, implementing a tomographic reconstruction of the turbulence (Ragazzoni et al., 2000) to
reveal its 3-D distribution and then applying the correction in the FoV by mean of several deformable mirrors optically conjugated
at different altitudes in the atmosphere. In this way the correction spreads efficiently in the FoV and it is not concentrated only for a
specified direction as in classical AO system.
In this paper, we present the analysis of multi-conjugate adaptive optics images of the Trapezium cluster obtained at the VLT
with the Multi-Conjugate Adaptive Optics Demonstrator (hereafter MAD). These images reach an unprecedented depth on large
field of view with a resolution equivalent or better than the resolution of HST equivalent instrument NICMOS3. After describing the
instrument in Section 2, the observations of the Trapezium cluster in Section 3, and the performances of the instrument in Section
4, we discuss the scientific results in Sections 5, 6 and 7.
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2. MAD: a multi-conjugate adaptive optics facility at the VLT
MAD is a prototype instrument performing wide field-of-view real-time correction for atmospheric turbulence (Marchetti et al.,
2006). MAD has been built by the European Southern Observatory (ESO) with the contribution of two external consortia to prove
on the sky the feasibility of Multi-Conjugate Adaptive Optics technique in the framework of the 2nd generation VLT instrumentation
and of the European Extremely Large Telescope (ELT, Gilmozzi & Spyromilio, 2007).
MAD is equipped with three Shack-Hartmann wavefront sensors (Hartmann, 1900; Shack, 1971) for measuring the atmospheric
turbulence from three guide stars located in a circular FoV of 2′. Each wavefront sensor can patrol the FoV to acquire signal for any
geometry of guide stars surrounding the astronomical target. Depending on the atmospheric seeing conditions the limiting magnitude
for the guide stars can be up to V≈13 mag. Two 60 elements bimorph deformable mirrors optically conjugated at 0 and 8.5 km in the
atmosphere above the telescope ensure the MCAO correction. A dichroic located between the deformable mirrors and the wavefront
sensors reflects the visible light toward the latter ones and transmits the infrared light to CAMCAO (CAmera for MCAO), the
MAD infrared scientific imaging camera. CAMCAO is based on a 2048×2048 pixels HAWAII-2 infrared detector with a pixel scale
of 0.′′028 for a total FoV of 57.′′3. It is mounted on a movable table to scan the full 2′ FoV. This scanning capability allows to
implement efficient dithering for infrared sky subtraction without modifying the telescope pointing and maintaining the adaptive
optics correction loop closed during the full observation. The camera is equipped with a standard set of J, H and Ks filters plus two
additional narrow band filters (Brγ 2.166 µm and Brγ continuum 2.144 µm). Originally designed as a laboratory experiment, MAD
has been installed at the Visitor Focus of the VLT telescope UT3 (Melipal) located at the ESO Paranal Observatory on February
2007 and performed the first on-sky demonstration run from March 25th to April 6th.
3. Observations and data reduction
During the first on-sky demonstration run of MAD a region of 1′×1′ around the Trapezium cluster in the Orion nebula M42 has
been observed. The field is centered on α=05h35min16.5sec, δ=-05◦23′13.47′′ (J2000). The wavefront sensing was performed
using three guide stars, namely θ1 Ori E (V=11.1 mag), TCC-053 (V=12.5 mag) and TCC-104 (V=11.2 mag). Figure 1 shows the
fields of view of MAD, of CAMCAO and the 3 guide stars. The geometrical distribution of the guide stars is quite asymmetric, but
it has been found to be the only one allowing to cover a reasonable FoV and having stars bright enough at visible wavelengths to
operate a reasonably efficient wavefront sensing. The MCAO loop has been closed at a correction frequency of 400 Hz.
All the observations have been carried out on April 4th in the early evening due to the low elevation of the target
(1.4<airmass<1.7), as part of the first technical demonstration run. The publicly available data have been downloaded from the
ESO public archive1. For each band a set of 25 images of 15×0.79 s (NDIT×DIT) have been retrieved by dithering on a box of 20′′
using the scanning capability of the infrared camera and keeping the adaptive optics loop closed during the whole operations. The
average seeing2 during the observations, as reported by the ESO Ambient Conditions Database, was 1.′′0.
The Trapezium cluster was observed in the J, H, Ks and Brγ (2.166 µm) filters. The corresponding images have been dark
subtracted, flat-fielded, sky subtracted and stacked using standard procedures with the Eclipse reduction package (Devillard, 1997).
The astrometric solution was computed using isolated and unresolved 2MASS counterparts. Figure 2 shows the final image and
compare to HST WFPC2+NICMOS and VLT ISAAC images. No Brγ continuum images were obtained. The final processed
mosaics are made available upon request to the authors of this article.
4. Performances and data analysis
MAD at the VLT is a first-of-its-kind wide field adaptive optics instrument. The analysis of this new kind of data requires special
attention. The Trapezium cluster being a crowded field and the extinction being strong and spatially variable, we opted for PSF
photometry rather than aperture photometry. Because of the complexity of the MCAO wavefront sensing, the PSF shows space
variations due to anisoplanatic effects in the AO observations that can affect the PSF photometry. In order to minimize these
effects, we used the daophot package within IRAF to extract the list of sources and perform PSF photometry using a second order
polynomial variable PSF. A more detailed analysis of the photometry in MCAO images will be presented in a coming paper (Bouy,
Marchetti & Kolb, in prep.). The PSF is well sampled only in the Ks band. The J and H band fluxes are therefore less reliable. We
used well behaved isolated and unresolved COUP sources with ISAAC Js, H and Ks photometry (Getman et al., 2005) to derive the
following photometric instrumental zeropoints: ZP(J)=24.7 mag, ZP(H)=24.4 mag, ZP(Ks)=23.6 mag (including exposure times).
From the standard deviation of the five zeropoint reference stars, we estimate the final uncertainties to be 0.2, 0.3 and 0.3 mag in
the Ks, H and J band respectively. As a sanity check, we also compare with the zeropoints obtained using the few isolated and well
behaved 2MASS sources (with a quality flag equal to AAA) present in the field of view of the MAD images. The corresponding
zeropoints agree well with the previous ones within the uncertainties. For the common sources, the final photometry agrees well
with the COUP and Lada et al. (2004) photometry within the uncertainties.
4.1. MCAO correction
Figure 4 shows strehl and FWHM maps computed in the Ks band. The under-sampling of the PSF in the J and H bands prevent
us to draw similar maps in these bands, although we can expect a similar behavior but with lower correction performances. The
1 The raw datasets (ID MAD TR.2007-05-11) are available at http://www.eso.org/projects/aot/mad/commdata/ . The processed im-
ages can be requested to the authors.
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strehl ranges from 7.5% in the edges to 25% in the center. In the Ks band, the FWHM ranges between 0.′′09 and 0.′′15. As expected,
the quality of the correction follows closely the geometry of the 3 reference stars. Figure 5 shows a comparison between the PSF
of diffraction-limited images of the Trapezium obtained with HST WFPC2 and NICMOS, VLT MAD, and seeing-limited images
obtained with VLT ISAAC, for a Ks=11 mag star. The average resolution of the MAD J and H-band images is 0.′′250 and 0.′′180
respectively. The ISAAC images were obtained with a seeing1 ranging between 0.′′5 and 0.′′8.
4.2. Limit of sensitivity
One of the advantages and aims of adaptive optics is to provide high contrast images at close separations. We have computed the
limit of sensitivity for stars located in a region of good AO correction (hereafter referred as center) and in a region of worse AO
correction (hereafter referred as edges), for both bright (Ks≈9 mag) and faint objects (Ks≈12.6 mag). Figure 3 shows the results.
For faint objects, the main limitation at separations greater than 0.′′4 comes from the high nebular background. In just 5 min and
under relatively poor condition (airmass=1.5 and seeing ≈1.′′0), MAD can easily reach ∆Mag=6 mag at 0.′′6, 0.′′5 and 0.′′4 in J, H and
Ks respectively on a bright source in the center. In the edges and at 0.′′6 separation, MAD still reaches ∆Mag=4.8, 5.0 and 5.3 mag
in respectively J, H and Ks for bright stars.
Figure 6 shows the distribution of magnitude of the sources detected in the images. Sources brighter than ≈8 mag were saturated
or above the detector linearity limit. We detect sources as faint as Ks=18.1 mag, H=18.2 mag and J=18.5 mag.
5. Multiple systems
With an average resolution of ≈0.′′1 in the Ks band, the MAD images resolve a number of multiple systems. The bright binaries
θ1 Orionis A and B are resolved but saturated in all broad band filters. We therefore use the Brγ image to derive accurate relative
astrometry. We do not resolve the 0.′′030 companion of θ1 Orionis C, but resolve the faint fourth component near θ1 Orionis B
(Simon et al., 1999; Schertl et al., 2003) in the H and Ks band images. The saturation of θ1 Orionis A and B does not allow us to
provide a useful relative photometry in the broad band filters. A standard PSF photometry of the B4 companion gives H=11.2 and
Ks=10.6 mag, consistent with the results of Simon et al. (1999); Schertl et al. (2003). Four additional previously known binaries
(TCC-101, TCC-094, TCC-075, and TCC-105, McCaughrean & Stauffer, 1994) are resolved in the MAD images. We also confirm
the multiplicity of TCC-055, which was suspected to be binary by Petr (1998) using speckle imaging. We have measured the relative
astrometry and photometry using dual-PSF fitting following the method described in Bouy et al. (2003) and adapted to MAD. For
each objects, we used a set of 3 reference PSF selected near the target in order minimize anisoplanatic and time variability effects.
Table 3 gives a summary of the relative astrometry and photometry measured for the multiple systems.
5.1. Previously known multiple systems
TCC-094 – has first been resolved as a double by Prosser et al. (1994) using HST. They report a separation of 0.′′371, ∆I=2.52 mag
and ∆V=1.94 mag. The binary was resolved again in December 1996 by Simon et al. (1999) using adaptive optics with a separation
of 0.′′298 and ∆Ks=0.00 mag. The separation in the MAD images (0.′′384) is significantly larger than that reported by Simon et al.
(1999). We measure ∆Ks=3.19 mag, consistent with the optical relative photometry measured with HST, but inconsistent with the
Ks-band relative photometry reported by Simon et al. (1999). Figure 7 shows clearly that the flux ratio is far from being equal to
unity, as reported by Simon et al. (1999). A possible explanation is that one or both components of the binary are photometrically
variable, which would not be surprising considering their young age. In that case, Simon et al. (1999) would have been observing
the sources during a strong outburst of the faint component. This is further supported by the significant variability of the individual
components. Simon et al. (1999) report Ks=9.90 mag for the primary and the secondary, while we measure Ks=8.5 mag for the
primary and Ks=11.7 mag for the secondary.
TCC-015 – has first been resolved as a binary by Prosser et al. (1994) using HST. They report a separation of 1.′′013, ∆I=1.45 mag
and ∆V=1.06 mag, in good agreement with our new measurements.
TCC-105 – has first been reported as a binary by Prosser et al. (1994) using HST. They report a separation of 0.′′125, ∆I=0.25 mag
and ∆V=0.81 mag, in good agreement with our new measurements. We note that the companion is very much redder than its
primary, as shown in Figure 8, suggesting that it is significantly cooler.
TCC-077/TCC-075 – has been resolved in November 1994 by Petr et al. (1998) with a separation of 0.′′33±0.′′02 and ∆Ks=1.43 mag.
It was later classified as a binary proplyd by O’Dell & Wong (1996) using HST. The object is clearly resolved in the MCAO images,
and the PSF of the companion is consistent with that of a stellar object.
TCC-101 – has been resolved in November 1994 by Petr et al. (1998) using speckle interferometry. They report a separation of
0.′′22±0.′′01 and P.A=121◦. Thirteen years later, we report a significantly larger separation and smaller P.A. The proper motion of
the cluster being mostly along the line of sight, the difference likely corresponds to orbital motion.
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5.2. Confirmation of a new multiple system
The deep near-IR images allow us to resolve TCC-055 as a new visual binary. The object was reported as a possible binary in
the speckle observations of Petr (1998), but discarded in their final sample of multiple systems (Petr et al., 1998). Figure 7 shows
that the pair is nicely and unambiguously resolved in the new MAD images. TCC-055 is not resolved in the optical HST WFPC2
(O’Dell & Wong, 1996) and ACS images (Robberto, 2005). The luminosity and colors of the companion (Ks=12.21 mag, H-
Ks=2.99 mag) make it a good very low mass candidate. The companion could also be an unrelated background source, which
would explain its very red colors and non-detection in the optical. Simple statistical considerations on the density of the cluster and
the high extinction make the probability to find an unrelated background source in such a field relatively low (Petr et al., 1998).
6. A new census of Trapezium sources
Using the unprecedented depth and resolution of the MAD images, we have detected a total of 128 sources within the 1′×1′ FoV
of the Ks image. We compare this sample with the catalogues reported in previous studies.
6.1. Near-IR detection of faint objects
The deep L’-band ISAAC images of Lada et al. (2004) produced a catalogue of a previously unrecognized population of strongly
reddened objects in the Trapezium cluster. The total area covered by their survey is much larger than that covered by the MAD
images, and in the following discussion we will refer only to the 106 sources reported in their catalogue and located in the field of
view of the MAD images.
Even though deeply embedded sources are difficult to detect at shorter wavelengths, all 106 ISAAC L’ sources but one are
detected in the J, H and Ks image. The one source undetected in the MAD images, reported as number LMLA2004 169 in their
catalogue, is located in a region of extreme extinction.
A total of two objects identified in their L’ images were lacking previous J, H, Ks detection. One is detected in the MAD Ks
image (number 179 in their catalogue, CACAO-2 in Table 1). A total of 3 previously known near-IR sources were not detected in
their L’ images, and all 3 are detected in the MAD images.
6.2. X-ray survey
The Chandra Orion Ultradeep Project (hereafter COUP, Getman et al., 2005) has produced a very deep catalogue of X-ray
sources in Orion. All COUP sources located in the field of the MAD images but 7 are detected in the Ks-band image, the miss-
ing ones being COUP J053517.9-052326, COUP J053517.8-052321.6, COUP J053517.7-052320.1, COUP J053517.0-052302.9,
COUP J053516.3-052301.4, COUP J0535160-052334.4, and COUP J053514.5-052315.9.
6.3. New sources
In addition to the previously known X-ray and near-IR sources mentioned above, we report the detection of 12 new sources in the Ks
images. Four have H band counterparts, with H-K≈1 mag for each of them. One source also has a J band counterpart. Table 1 shows
the properties of these sources. Two of these sources (CACAO-11 and -12) lie close to detector artefacts and are suspicious, even
though their PSFs are consistent with point sources. These two sources require further investigation, and we do not include them in
the rest of the discussions in this article. One source (CACAO-2) was previously detected in the L’ band (Lada et al., 2004), but not
in the Ks band. These new detections shows that the previous surveys have not reached the bottom of the luminosity function of the
Trapezium cluster, and that more sources are likely to be discovered. A more detailed study of the IMF using the MAD catalogue
will be presented in Barrado y Navascue´s et al. (in prep.).
7. Extended objects
A number of extended sources are resolved in the MAD images. Two objects were resolved in the ISAAC L’ images (TCC-065 and
TCC-086, respectively LMLA 268 and LMLA 309 in Lada et al., 2004), but their proximity to the bright Trapezium B stars does
not allow us to resolve them in the MAD images.
7.1. Proplyds
All the sources associated to proplyds (Vicente & Alves, 2005, and references therein) located in the FoV of the MAD images are
detected, but only some of them are resolved in the Ks image. Figure 9 shows examples of resolved proplyds.
7.2. HC 419
Figure 8 shows (J-H) vs (H-Ks) and (J-H) vs (Ks-L’) color-color diagrams of the MAD sources with J, H, Ks detection and L’
band counterparts in Lada et al. (2004) catalogue, as well as all the objects of Lada et al. (2004) outside the MAD FoV. One object
has (H-Ks) and (Ks-L’) colors clearly much redder than any other object in the sample, and was included by Lada et al. (2004)
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Table 1. New near-IR detections
ID1 R.A Dec J H Ks
(J2000) (J2000) [mag] [mag] [mag]
CACAO-1 05:35:14.5 -05:23:41.7 · · · · · · 17.0
CACAO-22 05:35:14.7 -05:23:30.3 · · · · · · 17.2
CACAO-3 05:35:15.2 -05:23:39.2 · · · · · · 17.9
CACAO-4 05:35:15.5 -05:23:18.2 · · · · · · 17.4
CACAO-5 05:35:15.8 -05:23:40.2 · · · · · · 17.8
CACAO-6 05:35:16.0 -05:23:30.7 · · · 17.9 16.9
CACAO-7 05:35:16.1 -05:23:11.0 · · · 17.2 16.1
CACAO-8 05:35:16.9 -05:22:45.3 · · · · · · 17.2
CACAO-9 05:35:16.9 -05:23:38.1 17.1 16.5 15.7
CACAO-10 05:35:17.0 -05:23:08.9 · · · · · · 17.9
CACAO-113 05:35:16.7 -05:22:45.3 · · · 18.1 17.0
CACAO-123 05:35:16.7 -05:23:30.1 · · · · · · 17.5
1CACAO stands for CAndidates from multi-Conjugate Adaptive Optics
2Discovered in the L’-band only by Lada et al. (2004)
3Close to detector artifact.
in their list of deeply embedded objects because of its very red colors. It has the sequence number 214 in their catalogue. The
source was first reported by Hillenbrand & Carpenter (2000) in their Keck H and K-band survey, and is identified with the sequence
number 419 in their catalogue. We hereafter refer to it as HC 419 (α=05h35m15.5s, δ=-05◦22′46.5′′, J2000). It is also reported in
Muench et al. (2002) (sequence number 543), but without any photometric measurements. Its K-L’=3.22 mag is surpassed only by
one object, TPSC-78 (K-L=4.22 mag, Lada et al., 2000). HC 419 was subsequently reported by several authors: Robberto et al.
(2005) detected it in the N-band (identified as MAX-84 in their catalogue), Smith et al. (2005) obtained 11.7 µm photometry, and
it has a counterpart in the COUP survey, identified as COUP J053515.5-052246. It was not detected in the published HST optical
images, but was reported (unresolved) in the HST NICMOS F160W image presented in Luhman et al. (2000) (sequence number
108 in their catalog). A careful inspection of the images shows that HC 419 was detected in the unpublished ISAAC images.
We have searched the VLT public archive for mid-IR data and found that HC 419 fell in the edge of the field of view of obser-
vations performed during a Science Verification program (program 60.A-9263, P.I. Lagage). We retrieved the data and processed
them using a customary pipeline based on IDL routines. The pipeline includes bad pixel correction and the shift-and-add of the
individual frames, each of them corresponding to a chopping position (Pantin et al., 2005). The target is detected (but unresolved)
with a signal-to-noise ratio of ≈10 in the 20 min PAH1 exposure only (λcen =8.59 µm, ∆λ =0.42 µm). It is not detected in the Ar iii
(λcen =8.99 µm, ∆λ =0.14 µm), and we derive a 3-σ upper limit on the flux.
Table 2 gives an summary of the photometry of HC 419 and Figure 10 shows its spectral energy distribution (SED).
A careful inspection of the MAD images shows that this object is elongated in the Ks band only, and lies in a region of high
red nebulosity (see Fig. 11). The color and spatial extension of this source make it a very interesting object, and the new MAD
images provide a new insight on its nature. Both its unusual colors and the direction of elongation, which is almost orthogonal to the
direction of θ1 Ori C (see Fig. 11), allow us to almost certainly rule out the eventual proplyd nature of this extended object. Figure
8 shows that the colors are also inconsistent with Herbig Haro objects.
The larger column density derived by the COUP team for that source compared to its closest neighbors confirms that the object
must be very deeply embedded. For HC 419, they report log nH =22.72±0.06 cm−2. The value reported for the two closest neighbors
(2.′′3 and 4.′′4 away, see Figure 11) are smaller by a factor >10, with log nH=21.68±0.02 cm−2 and 21.47±0.08 cm−2 respectively.
This is further supported by the clear elongation observed in the Ks band which suggest that the unusual colors are not due to
foreground extinction purely related to the molecular cloud only, but also in part to extended emission associated to the object itself
such as e.g a dense envelope and/or a circumstellar disk, making HC 419 likely protostellar in nature.
The slope of the SED between the H and 11.7 µm fluxes provides an additional evidence of the protostellar nature of HC 419.
In the morphological classification scheme of SEDs devised by Lada (1987), HC 419 resemble to an intermediate Class I–II star,
with a relatively flat SED at wavelengths longer than 2.2 µm, and a spectral index a = d log λFλ/d log λ in the 2.2–11.7 µm range
of a=-0.1 and a =-1.1 in the range 3.8–11.7 µm.
8. Conclusion and future prospects
Originally designed as a laboratory experiment, MAD has delivered images on the sky of a quality comparable to the most competi-
tive instruments available nowadays. For a fraction of the cost, it provides a resolution equivalent or better than HST NICMOS, with
both the sensitivity and field of view of an 8 m class near-IR instrument such as ISAAC. In this paper, we have shown that MAD
not only successfully demonstrates the technical feasibility of MCAO, but also shows that a large variety of scientific results will be
accessible thanks to this new versatile technology. With classical AO, studies requiring high spatial resolution, high sensitivity, and
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Table 2. Photometry of HC 419
λ Flux Ref.
[µm] [mJy]
1.25 0.3±0.1 (1)
1.6 0.3±0.1 (1) & (5)
2.2 4.4±0.4 (1) & (5)
3.8 30.1±0.4 (2)
8.49 39.3±4.0 (1)
8.99 <24 (3-σ) (1)
10.1 18.5±9.75 (3)
11.7 30±3 (4)
References. — (1) This
work; (2) Lada et al. (2004);
(3) Robberto et al. (2005);
(4) Smith et al. (2005); (5)
Getman et al. (2005)
Table 3. New relative astrometry and photometry of previously known binaries
Object R.A Dec δ P.A ∆K ∆H ∆J
(J2000) (J2000) [′′] [◦] [mag] [mag] [mag]
TCC-094 05:35:17.1 -05:22:50.0 0.384±0.004 248.1±0.3 3.19±0.10 3.2±0.3 2.1±0.3
TCC-055 05:35:16.1 -05:22:54.0 0.256±0.004 153.1±0.3 1.26±0.10 2.2±0.3 · · ·
TCC-105 05:35:18.0 -05:23:35.4 0.134±0.004 152.2±0.3 0.41±0.10 0.5±0.3 · · ·
TCC-101 05:35:17.8 -05:23:15.6 0.303±0.004 178.3±0.3 3.31±0.10 · · · · · ·
TCC-015 05:35:14.8 -05:23:04.6 1.022±0.004 288.2±0.3 3.65±0.10 3.3±0.3 2.5±0.3
TCC-077/075 05:35:16.8 -05:23:26.2 0.396±0.004 34.6±0.3 1.30±0.10 1.2±0.3 · · ·
θ1 Ori A1/A2 05:35:15.8 -05:23:14.3 0.201±0.004 4.3±0.3 · · · · · · · · ·
θ1 Ori B1/B2 05:35:16.1 -05:23:07.3 0.930±0.004 209.4±0.3 · · · · · · · · ·
θ1 Ori B1/B4 0.593±0.004 298.2±0.3 · · · · · · · · ·
θ1 Ori B1/B3 1.029±0.004 250.7±0.3 · · · · · · · · ·
θ1 Ori B2/B3 05:35:16.1 -05:23:07.1 0.117±0.004 219.7±0.3 · · · · · · · · ·
Note. — TCC ID from McCaughrean & Stauffer (1994). θ1 Ori A and B components were saturated in the
broad band images, and the measurements were made in the Brγ image.
high contrast are limited to relatively small fields. MCAO will extend these studies to arcminute size fields. MCAO will certainly
play a key role in the current context of large scale surveys and ELT development.
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Fig. 4 Strehl map (left) and FWHM map (right) the MAD Ks image. North is up and east is left. Ellipses with semi-major axis
and orientations representative of the measured values for the PSF of the stars used for the computation are also over-plotted.
The Trapezium θ Ori A, B, C, D stars are indicated (black stars), as well as the three reference stars used for wavefront sensing
(TCC-104, TCC-053 and θ Ori E, red stars). The scale is indicated with contour plots.
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Fig. 5 Comparison of the PSF of ISAAC (left, Js and Ks-bands), MAD (center, J and Ks-bands) and HST/NICMOS3 (right, F110W
and F160W, no longer wavelength image being available). Even at low strehl in the J band, the resolution of MAD is excellent. The
scale and FWHM are indicated. All PSFs have been normalized in peak.
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Fig. 6 Distribution of magnitude of the sources in the MAD J (blue), H (green) and Ks (red) band images. Because of the strong and
variable nebulosity, it is not possible to derive a limit of completeness. The faintest objects detected in the images have Ks=18.1 mag,
H=18.2 mag and J=18.5 mag.
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Fig. 7 MAD Ks-band stamps of the previously known multiple systems with δ <1′′. The two bright Trapezium stars θ-Ori B and
A are saturated, but their companions are clearly visible. North is up and east is left. The scale is indicated. The objects are named
with their TCC number (McCaughrean & Stauffer, 1994).
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Fig. 8 Left Panel:(J-H) vs (H-Ks) color-color diagram of the combined Lada et al. (2004) and MAD samples (grey dots). For the
sources within the MAD FoV, we plot the MAD J, H, Ks photometry and the cross-matched L’ photometry of Lada et al. (2004).
For the objects outside the MAD images, we plot the J, H, Ks, L’ photometry of Lada et al. (2004). The components of the two
binaries with J, H and Ks detections, TCC-094 and TCC-015 (see Table 3) are indicated with red dots and blue squares respectively.
The new source CACAO-9 with J, H and K detection is represented with an open square. Two HH objects, HH 513 and HH 562
(O’Dell, 2001), are overplotted for comparison (magenta triangles). The very red object HC 419 is represented with a red flower.
Known proplyds are over-plotted with purple squares. Right Panel: (J-H) vs (Ks-L’) color-color-diagram of Lada et al. (2004). The
same symbols are used.
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Fig. 9 MAD Ks-band stamps of some spatially resolved proplyds (left), and corresponding HST/WFPC2 F658N image from
O’Dell & Wong (1996). The name of the proplyds (following O’Dell & Wong, 1996, denomination) and the scale are indicated.
North is up and east is left.
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Fig. 10 Spectral Energy Distribution of HC 419. The slope at wavelength longer than 2.2 µm is characteristic of intermediate
Class I–II objects.
Fig. 11 MAD 3-color stamps around HC 419, the reddest object of the MAD sample. The right panel is a zoom in of the left panel
with contour plots showing the extension of the object when compared to an unresolved neighboring stellar source. It is associated
with nebulosities. North is up and east is left, and the scale is indicated. See also Fig. 1.
